ABSTRACT
INTRODUCTION
Hematological malignancies (HM) are a heterogeneous group of neoplastic diseases that arise from hematologic cell lineages and in which chromosomal abnormalities, such as translocations, deletions and inversions, are frequently seen (Chen and Sandberg 2002) . Accounting for ~9% of total cancers in men and ~7% of women cancers, HM are the fourth cancer most frequently diagnosed worldwide (Smith et al. 2010) . Beyond genetic alterations, a permissive microenvironment is essential for tumor development. Bone marrow (BM) supports hematopoiesis through a fine tuned balance of growth factors and cytokines, regulating hematopoietic cells' homing, proliferation and differentiation. Imbalances in this tuning may lead to uncontrolled cell proliferation and HM development (Isufi et al. 2007 ). BM microenvironment also provides a favorable milieu for malignant cells proliferation and survival (Ayala et al. 2009 ). Transforming growth factor beta (TGFβ), member of the TGFβ superfamily of growth factors, is a pleiotropic cytokine, which regulates cell growth and differentiation in several physiological and pathological conditions in a context-dependent manner. There are three isoforms of TGFβ, namely TGFβ1, TGFβ2 and TGFβ3, of which TGFβ1 is the most abundant. All isoforms activate intracellular receptor-regulated Smads (R-Smads: Smad2 and Smad3) through interaction with TGFβ receptors (TβRI and TβRII) and thereby regulate cells' gene expression profile and phenotype (Kubiczkova et al. 2012) . TGFβ1 is mapped on locus 19q13.1 and presents some genetic polymorphisms. A single nucleotide polymorphism (SNP), rs1800470, was firstly identified as a T to C transition at position 29 in TGFβ1 mRNA, promoting a leucine to proline change at codon 10, which was contained within the signal peptide sequence of this cytokine. However, in a recent update in NCBI SNP database, C allele (encoding proline) was considered to be the ancestral allele. Previous studies have demonstrated that this allele is associated with higher TGFβ1 levels in serum (Suthanthiran et al. 2000; Yokota et al. 2000; Yamada 2001 ) and higher TGFβ1 secretion in cell culture (Dunning et al. 2003 ) when compared to T allele. This polymorphism was investigated in breast by Oda et al. (2012) and oral cancer by Carneiro et al. (2013) and by several others in diverse solid cancers, but has been poorly investigated in HM. In hematological scenario, TGFβ1 is shown to be a potent inhibitor of hematopoiesis (Soderberg et al. 2009; Blank and Karlsson 2011) , inducing cell cycle arrest and apoptosis in normal and even in some malignant hematopoietic cells lineages (Tvrdik et al. 2006; Wu et al. 2009; Bakhshayesh et al. 2012; Spender et al. 2013) . Nevertheless, it has been demonstrated that many hematological cells employ mechanisms to circumvent cytostatic and apoptotic effects of TGFβ1 (Dong and Blobe 2006) , and, in this case, this cytokine is responsible to promote a immunosuppressive environment by suppressing effector T H cells and inducing naïve T cells to differentiate into regulatory T cells (Tregs) (Yang et al. 2013) , similarly to that which occurs in some solid tumors (Massague 2008; Yang et al. 2010; Kubiczkova et al. 2012) . Tregs are major players in maintaining the immunological tolerance to self-antigens and in limiting the excessive and harmful immune responses. Beyond CD4, these cells express the molecular markers CD25 (the alpha receptor of IL-2) and the transcription factor FOXP3 (Forkhead Box P3), which is essential for their generation and immunosuppressive functions and is directly up regulated by TGFβ signaling. In cancer context, the presence of Treg cells in tumor microenvironment has been associated with poor prognosis and worst clinical outcomes (Adeegbe and Nishikawa 2013; Ondondo et al. 2013; Sahin et al. 2013) . In some HM, Tregs increase in circulation and are present in metastatic foci (Ishida et al. 2006; Haas et al. 2008; Wu et al. 2012) . FOXP3 gene is located at the short arm (p) of X chromosome and presents complex mechanisms of expression regulation, in which conserved noncoding sequences (CNS) in intronic regions are capable to bind transcriptional factors and actuate in concert with FOXP3 promoter (Zheng et al. 2010; Maruyama et al. 2011) . Polymorphisms in these regions could affect binding capability for transcription factors and, hence, FOXP3 expression and Treg function ). Among the polymorphisms described in regulatory regions of FOXP3, rs2232365 (A to G) has been associated with immunologic diseases such as vitiligo (Song et al. 2013 ) and psoriasis (Song et al. 2012) , highlighting its importance in Treg function, but has been poorly investigated in cancers. Though chromosomal alterations are often seen in HM, they do not encompass all HM cases and are observable only after disease onset, highlighting the importance of studying inherited genetic polymorphisms, such as SNPs, which may play a role in HM susceptibility, onset and/or progression. In this context, this study investigated the association for TGFB1 rs1800470 and/or FOXP3 rs2232365 polymorphisms in relation to HM susceptibility in a southern Brazilian population. Table 1 . For the association study, blood samples from 142 neoplasia-free individuals (118 women and 24 men) were collected at the Blood Bank of Londrina in the same geographic region. Genetic polymorphisms were assessed in a southern Brazilian population, composing mostly of European descendants (Caucasians). The research protocol was approved by the institutional Human Research Ethics Committee of State University of Londrina (CAAE 0164.0.268.000-09) and, after being informed in detail regarding the study, all the subjects involved in the study signed written term of free informed consent. 
MATERIAL AND METHODS

Human Subjects and Sample Collection
DNA Extraction
From 200 µL of peripheral blood, DNA extraction was performed using a specific DNA extraction kit acquired from Biopur® (Biometrix, Curitiba, PR, Brazil) according to the manufacturer's protocol. After extraction, the DNA was quantified at 260 nm in a NanoDrop 2000c® Spectrophotometer (Thermo Scientific, Wilmington, DE, EUA). The 260/280 nm absorbances ratio was used to determine the quality of DNA samples. Samples with ratios lesser than 1.7 were not included.
TGFB1 and FOXP3 Polymorphisms Analyses
For polymorphisms analyses, approximately 100 ng of DNA were amplified by sequence-specific primer polymerase chain reaction (SSP-PCR). PCR was performed using 100 μM total dNTP, 1.5 mM MgCl 2 , 1X PCR Buffer and 1.25 units of Taq DNA polymerase (Invitrogen, São Paulo, SP, Brazil). TGFB1 rs1800470 polymorphism was assessed as previously described (Lee et al. 2005) . Allele specific primers were designed based on the TGFB1 gene sequence deposited in the NCBI GenBank, identified by the accession number NG_013364.1. For the T allele, primers were 5'-GGG CTG CGG CTG CTG CT-3' (forward) and 5'-GTA GTC GGC CTC AGG CTC GG-3' (reverse), and for the C allele: 5'-CTC CAC CAC TGC GCC CTT CT-3' (forward) and 5'-AGC AGC GGT AGC AGCAGC G-3' (reverse). PCR conditions were 10 min denaturation at 95ºC, 35 cycles of 1 min at 94ºC, 1 min at 69ºC (for T allele) or 65ºC (for C allele), 1 min at 72ºC, and 5 min elongation at 72ºC. Similarly, for FOXP3 rs2232365 polymorphism detection, allele specific primers were designed based on the FOXP3 gene reference sequence, identified by the number NG_007392.1 in the NCBI GenBank. Primers for A allele were 5'-CCC AGC TCA AGA GAC CCC A -3' (forward) and 5'-GGG CTA GTG AGG AGG CTA TTG TAA C -3' (reverse), and for the G allele: 5'-CCA GCT CAA GAG ACC CCG -3' (forward) and 5'-GCT ATT GTA ACA GTC CTG GCA AGT G -3' (reverse). PCR conditions for FOXP3 polymorphism were 1 min at 94ºC, 35 cycles of 45 sec at 94ºC, 1 min at 67ºC and 1 min at 72ºC, followed by a final elongation of 10 min at 72ºC. All PCR amplicons were analyzed by polyacrylamide gel (10%) electrophoresis and detected using silver staining. For TGFB1, 297 bp (T allele) and 204 bp (C allele) fragments were amplified ( Fig. 1 A) , and for FOXP3, 442 bp (A allele) and 427 bp (G allele) fragments were generated (Fig. 1 B) . 
Statistical analysis
The case control association study was performed using contingency tables to calculate the odds ratios (OR) and to perform Fisher's exact test with a confidence interval (CI) of 95%. Contingency tables (3x2) were constructed, considering ancestral genotype (OR = 1.00) as reference, to determine the OR value for heterozygotes and variant genotypes using GraphPad Prism version 5.00 for Windows (GraphPad Software, San Diego, California, USA). The rare homozygotes and heterozygotes for both the genes were grouped for the presence of at least one allelic variant in the dominant model of analysis.
RESULTS
The genotype distribution for both polymorphisms for patients and controls are shown in Figure 2 and Table 2 . There was a positive association between TGFB1 rs1800470 TT genotype and HM susceptibility (OR = 4.07; CI95% = 1.94 -8.52; P = 0.0002), suggesting that individuals with this genotype had more than 4-fold increased chance to develop hematological cancers. The presence of C allele conferred protection against HM development both in the co-dominancy (OR = 0.36; CI95% = 0.16 -0.81; P = 0.01) and dominancy model of analysis (OR = 0.24; CI95% = 0.12 -0.51; P = 0.0002) ( Table 2) . Regarding FOXP3 rs2232365 polymorphism, no significant differences were observed for genotype or allele distribution among the HM patients and control individuals. However, when the two polymorphisms were analyzed simultaneously, a positive association was observed for TGFB1 TT and FOXP3 GG genotypes (OR = 4.00; CI95% = 1.54 -10.41; P = 0.009) ( Table 2 ). Once FOXP3 gene is mapped on the short arm of X chromosome, male individuals are hemizygous (displaying only one allele) for genetic variants located at this gene. For this reason, a separate analysis was performed comprising only female individuals for the rs2232365 polymorphism, both singly and in combination with TGFΒ1 polymorphism. The association analysis for FOXP3 in female population displayed almost the same statistical pattern observed in the whole group analysis. There was no association between FOXP3 rs2232365 and HM, but a positive association was observed for TT genotype from TGFB1 and GG genotype from FOXP3 simultaneously in relation to HM susceptibility (OR = 3.81; CI95% = 1.18 -12.31; P = 0.03) ( Table 3) . Considering the importance of tumor microenvironment permissivity and anti-tumor immune responses in cancer development, investigations were carried out whether TGFB1 rs1800470 (C29T; Pro10Leu) and/or FOXP3 rs2232365 polymorphisms were associated with HM susceptibility in a sample from southern Brazil. Previous studies had established TGFβ1 as a potent inhibitor of hematopoiesis by its capability of inducing cell cycle arrest and apoptosis in early hematopoietic stem cells (Isufi et al. 2007; Soderberg et al. 2009 ). TGFβ1 has also been shown to induce apoptosis and cell cycle arrest in several hematopoietic malignant cells lineages by diverse mechanisms, such as upregulating the cyclin-dependent kinases (CDK) inhibitor p21 (Tvrdik et al. 2006) , apoptosis modulator, p53 up-regulated modulator of apoptosis (PUMA) (Spender et al. 2013) , proapoptotic mitochondrial protein Bax (Bakhshayesh et al. 2012) and Myc antagonist Mad1 (Wu et al. 2009 ) while down-regulating anti-apoptotic proteins, such as Bcl-2 and Bcl-xl (Bakhshayesh et al. 2012) , and pro-mitogenic transcription factor Myc (Wu et al. 2009 ). The malignant hematopoietic cells employ several described mechanisms to evade cytostatic effects of TGFβ1, becoming able to grow and spread (Dong and Blobe 2006; Isufi et al. 2007) , highlighting the importance of TGFβ1 signalization in counteract malignant cell proliferation. However, TGFβ1 levels in HM are likely to vary among HM types and disease stage, making observations in this field seem controversial. While TGFβ1 plasma levels were decreased in the patients with acute leukemia at diagnosis and recurrence and increased in the patients at remission (Chen et al. 1998) , the same was not observed in Multiple Myeloma, where TGFβ1 levels were associated only with immunoparesis (low serum immunoglobulins) (Kyrtsonis et al. 1998) . Moreover, whereas high circulating TGFβ1 levels in follicular B-cell lymphoma were associated with better clinical outcomes and increased survival (Labidi et al. 2010) , TGFβ1 is associated with impaired hematopoiesis and myelofibrosis development in myeloproliferative neoplasms (Martyre 1995; Vannucchi et al. 2005) . Furthermore, it is difficult to establish the causeconsequence relationship among the cytokines levels and the development or susceptibility for the diseases (Powers et al. 2007 ). Thus, the study of polymorphisms directly related with TGFβ1 secretion might be greatly useful to overcome this issue and understand disease pathogenesis, as well as establish molecular disease markers. The present results demonstrated that TGFB1 rs1800470 TT homozygote genotype (which was correlated with decreased TGFβ1 secretion) denoted an increased risk for HM development, which might be explained by the attenuation of TGFβ1 signaling in early stages of malignant transformation, when neoplastic cells were not yet refractory to cytostatic effects of TGFβ1; while the presence of C allele (correlated with increased TGFβ1 secretion) was shown as protection factor. Conversely, TT genotype was also correlated with risk to develop myelodysplastic syndrome in two previous reports (Lee et al. 2005; Powers et al. 2007 ). Thus, TGFB1 polymorphism effect in HM development might be explained by the impairment in TGFβ1 secretion and the consequent decrement of cytostatic effects exerted by this cytokine directly in hematologic cells. It would also be interesting to evaluate a possible effect of this polymorphism during disease course, where TGFβ1 effects in anti-neoplastic immunological responses play important role (Yang et al. 2013; Yang et al. 2014) , an issue that could not be assessed in this study due to limited and heterogeneous sample.
In immunological context, TGFβ1 effects rely mainly in suppressing immune responses by inhibiting immune effector cells and inducing Tcell differentiation into regulatory T-cells (Tregs), which in tumor microenvironment are responsible for dampen antitumor immune responses and predicts worst clinical outcome. In fact, it has been shown that in non-Hodgkin lymphoma, malignant B-cells are capable of secreting TGFβ1 and induce T-cell exhaustion (Yang et al. 2014 ) and differentiation into Tregs, creating an immunopermissive microenvironment (Yang et al. 2013) . Indicating Tregs importance on the pathogenesis of HM, Ishida et al (Ishida et al. 2006) demonstrated that Hodgkin Lymphoma cells attracted Tregs to affected lymph nodes. Similarly, Hass et al (2008) had demonstrated that nonHodgkin Lymphoma metastatic foci in nervous system also recruited Treg cells, and that this recruitment were associated with poor disease prognosis. Studies have shown an increase in circulating Tregs in hematological malignancies such as T-and B-cell acute lymphoblastic leukemia ) and in acute myelogenous leukemia, where Tregs from patients also showed enhanced suppressive capabilities when compared to Tregs from normal controls (Szczepanski et al. 2009 ). Transcription factor FOXP3 is essential for Treg immune suppressive functions and polymorphisms in its gene are associated with several diseases . In the present study, FOXP3 rs2232365 polymorphism, which was previously associated with autoimmune diseases (Song et al. 2012; Song et al. 2013) , was assessed in HM patients. Results showed no significant differences in genotype or allelic distribution of this polymorphism among HM patients or HM-free controls in both whole sample and genderstratified analysis, indicating that this polymorphism did not participate in HM susceptibility. However, further studies with larger and stratified samples are necessary to fully ascertain this polymorphism's role in HM pathogenesis. Since carcinogenesis is influenced by several genes, an isolated polymorphic variant has a small effect, thus justifying the analysis of more than one variant in the same study (Norppa 2003) . According to Fletcher and Houlston (2010) much of the inherited susceptibility to cancer is likely to result from a polygenic model in which the coinheritance of genetic variants, each of which has a modest individual effect and can cause a wide range of risk in population. Thus, the possible association between the co-inheritance of TGFB1 and FOXP3 allelic variants with HM development was evaluated which showed a positive association for HM development when TGFB1 TT genotype were paired with FOXP3 GG genotype, both in the whole sample (OR = 4.00; CI95% = 1.54 -10.41; P = 0.009) and also in female individuals analysis (OR = 3.81 CI95% = 1.18 -12.31; P = 0.03). Given the strong association observed and considering TGFβ1 roles in the regulation of normal and malignant hematopoiesis, it was possible to suggest TGFB1 rs1800470 polymorphism as a promising candidate for molecular marker for HM susceptibility to be evaluated in further studies with larger samples, stratified by HM subtypes. It would also be interesting to investigate in depth TGFβ1 levels and its correlation with rs1800470 polymorphism and its clinical relevance in HM subtypes, which could help to elucidate the molecular mechanisms involved. The strong association observed for TGFB1 and FOXP3 polymorphisms simultaneously suggested a possible gene interaction involved in the pathogenesis of hematological cancers. Altogether, the present work indicated two promising candidates for markers in HM to be further investigated in larger and stratified samples.
